Abstract. Vine is highly sensitive to climate changes, particularly temperature changes, which can be reflected in the quality of yield. We obtained meteorological data from weather station Llíria in viticultural site Valencia DO in Spain from the period 1961-2016 and elaborated the future modelling scenario Representative Concentration Pathways 4.5 (RCP4.5) and RCP8.5 for the period 1985-2100 within the Coupled Model Intercomparison, Project Phase 5 (CMIP5) for daily temperature, precipitation and evapotranspiration. The irrigation requirements (IR) future models for grape varieties Tempranillo and Bobal were elaborated. Temperature and evapotranspiration trends increased during observation period and are estimated to continue rising, according to the future model. Nevertheless, precipitation trend is estimated to decrease according to the model. The future scenarios show increase trend of temperature and evapotranspiration and decrease of precipitation. Total IR for the period 1985 -2100 is expected to increase during growing season months according to the trendline for 16.6 mm (RCP4.5) and 40.0 mm (RCP8.5) for Tempranillo and 8.2 mm (RCP4.5) and 30.9 mm (RCP8.5) for Bobal grape variety. The outcome of this research is important to understand better the future climatic trends in Valencia DO and provides valuable data to face the future climate changes.
Introduction
Atmospheric conditions have strong influence in viticulture [1, 2, 3] . Due to recent climate change impact, irrigation practice in viticulture is becoming a reality in Mediterranean regions to control water condition of vine [4, 5, 6] . There are numerous methods to adjust irrigation with high precision in case of water shortage [7] . Shift of phenological stages of vine and changes of wine characteristics are facts [8] , which clearly show recent impact of climate change in viticulture; indeed, the adaptation of viticulture is essential and should be based on future climate models [9] . Many studies were made addressing irrigation methodology in viticulture in Mediterranean environment [4, 10, 11] . The object of this paper is to create the future irrigation models for the period 2005 -2100 for grape plant in viticultural site Valencia DO. There were several studies addressing irrigation and drought problems in viticulture [12, 13] . Only few studies were made addressing the drought and irrigation subject in future climate change scenarios [1, 14] . This study was made on two representative grape varieties in viticultural site Valencia DO: Tempranillo and Bobal. Critical analysis was conducted for the reference period 2000 -2016, to compare the ETo model calculated with FAO Blaney-Criddle formula with the ETo derived from Penman-Monteith formula [15] . Several studies addressed the evapotranspiration future modelling [16, 17] resulting positive trends of evapotranspiration in the future. According to the comparison statistical analysis, the correction calculations were performed, to correct the ETo model for the period 1985 -2100. Using the precipitation model at the weather station Llìria, EuroCordex data set, corrected ETo model, single crop coefficient (Kc), crop evapotranspiration (ETc) and effective precipitation, the IR model was elaborated for the period 1985 -2100 using two scenarios RCP4.5 and RCP8.5 [18] . The RCP8.5 scenario was chosen due to its highest radiative forcing increase until the year 2100 among the RCP scenarios, the most "pessimistic" scenario. The RCP4.5 the "optimistic" scenario ,was used due to its significantly lower increase for radiative forcing until the year 2100 comparing to the RCP8.5 scenario [19] . The Kc value for grape varieties Tempranillo and 
Methodology
We used the subset EUR-11 of the Euro-Cordex simulations, with spatial resolution 12.5 x 12.5 [21] and FAO Blaney-Criddle formula (ALLEN R. et al., 1986), to elaborate reference evapotranspiration model (ETo) for the period 1985 -2100. By using climate models, we faced a certain level of uncertainty, due to simplified representation of future climate [23] . The Blaney-Criddle formula was used, due to available data set and its robust nature after calibration in comparison to PenmanMonteith formula, which requires higher number of parameters difficult to predict. Climate data were retrieved from the weather station Llíria, located inside of Valencia DO viticultural area, Spain [20] . At the weather station Llìria we retrieved the ETo data set from the period 2000 -2016, calculated by Penman-Monteith formula (FAO-56 Method), commonly used formula in irrigation calculations [15] . The study assesses future IR by using two scenarios: RCP4.5 and RCP8.5 [19] for the period 1985 -2100. The ETo model was calculated using the FAO Blaney-Criddle formula at the weather station Llíria for the period 2000 -2016. From the same weather station we retrieved the ETo, calculated by PenmanMonteith formula [24] . We used the temperature and precipitation data set from Euro-Cordex data set [21] , [25] , retrieved from location of the meteorological station Llíria, located in the eastern part of the viticultural area (1)
: estimated reference evapotranspiration, and : correction factors [22] , P: daily percentage of annual daylight hours, : daily mean temperature, : elevation of the weather station Llíria.
Estimation of crop water requirement for grape
variety Tempranillo and Bobal, using a simplified balance model, where soil moisture is assumed to be constant (2).
: crop evapotranspiration, : effective precipitation. Crop coefficient values (Table 1) were retrieved from IVIA [20] . (Figure 2.) . The difference between the RCP4.5 and RCP8.5 ETo scenarios enhances from the year 2057, roughly estimated. Before the year 2057, both RCP scenarios show similar growing tendency. Using the ETo model from the period 1985 -2100, the IR was calculated for Tempranillo and Bobal grape variety according to maximum quality of the grape. In this analysis we considered six months during the grape growing period (from April to end of September). The tendency of IR for Tempranillo and Bobal varieties shows a steady increase during the whole analysis period 1985 -2100 (¡Error! No se encuentra el origen de la referencia. and ¡Error! No se encuentra el origen de la referencia.), with an exception in September (Bobal), RCP4.5 scenario, where growth is negative. Stronger increase is noticed in RCP8.5 scenario comparing with RCP4.5 scenario in all six growing season months. Positive IR for Tempranillo was noticed in July, August and September during the whole analysis period and negative in April, May and June (Figure 3 ). The highest increase shows August (11.5 mm) for RCP8.5 and September (5.4 mm) for RCP4.5 scenario, according to the trend line. The lowest increase is noticed in April (2.4 mm) for RCP8.5 and in May (0.5 mm) for RCP4.5 scenario, according to the trend line. The most significant difference between the RCP4.5 and RCP8.5 scenarios was detected in August (6.2 mm) and the lest significant in April (1.5 mm), where RCP8.5 scenario is superior in both cases. The average increase of IR in the period 1985 -2100, during the growing season months, is 16.6 mm for RCP4.5 and 40.0 mm for RCP8.5. Positive IR for Bobal was noticed in July, August and September during the whole analysis period and negative in April, May and June (Figure 4 ). Exceptions were noticed in September in following years: 1987, 2022 and 2068. The highest increase shows August (37.8 mm) for RCP8.5 and 5.4 mm for RCP4.5 scenario, according to the trend line. The lowest increase was noticed in April (2.4 mm) for RCP8.5 and in September was noticed negative IR (-0.04 mm) for RCP4.5 scenario, according to the trend line. The most significant difference between the RCP4.5 and RCP8.5 scenarios was detected in September (7.8 mm) and the least significant in April (1.7 mm), where RCP8.5 scenario is superior in both cases. The created ETo models confirm increasing evapotranspiration demand, especially according to the RCP8.5 scenario (Figure 1 ), which consequentially influences higher future irrigation demand in viticulture. The highest IR is experienced in August for Tempranillo and Bobal variety (¡Error! No se encuentra el origen de la referencia. and ¡Error! No se encuentra el origen de la referencia.). Yearly average of IR for the period 1985 -2100, during growing season months for Tempranillo variety is 14.2 mm (RCP5.4) and 15.3 mm (RCP8.5); for Bobal variety is roughly 50% lower: 6.1 mm (RCP4.5) and 7.0 mm (RCP8.5). Negative increase of IR in September can be explained by heavy precipitation, which usually occurs in eastern part of Spain, after the summer, caused by mixing of cold autumn air and hot air above the Mediterranean Sea. The meteorological phenomenon is called "Gota fria" and it occurs on yearly bases [26] .
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Conclusion
The irrigation in agriculture is specifically important in eastern Spain, which is expected to experience higher evapotranspiration demands and more extensive droughts periods in the future [27] , [28] . According to the created future models for IR for Bobal and Tempranillo grape varieties, IR will increase in the period 1985 -2100 apart from September (Bobal verity, scenario RCP4.5). The increase of IR for Tempranillo variety during the growing season is 16.6 mm (RCP4.5) and 40.0 mm (RCP8.5). Bobal variety indicates lower increase of IR: 8.2 mm for RCP4.5 and 31.0 mm for RCP8.5. There are two important factors influencing future of irrigation state in viticulture region Valencia DO: temperature and precipitation. According to the future climate models, temperature will continue to rise, and precipitation will diminish, hence both factors do not favour to agriculture needs for viticulture in the future. Future precipitation model, according to the Euro-Cordex model [25] , indicates decrease of precipitation in Valencia DO region in the future. Moreover, the study shows significant difference between IR between the Bobal and Tempranillo grape varieties according to the goal of obtaining the maximum quality of grape. Generally, the model can be used for other grape varieties in this viticulture region, however, for more accurate results, the single crop coefficient (Kc) should be modified according to the grape variety. The presented methodology can be
